SPECIFICATION 

CROSSLINKED ACRYLIC MOISTURE ABSORBING FIBERS AND PRODUCTION 
METHODS THEREOF 

TECHNICAL FIELD 
The present invention relates to a crosslinked acrylic 
moisture absorbing fibers capable of reversibly and repeatedly 
carrying out moisture absorption and moisture releasing. More 
specifically, the invention relates to a method of efficiently 
obtaining crosslinked acrylic moisture absorbing fibers having a 
high quality by using acidic comonomer-conta i n i ng acrylic 
fibers of at least 1% by weight as raw material acrylic fibers, 
and also to crosslinked aery I i c mo i sture absorb i ng f i bers 
obtained by the method. 

BACKGROUND OF THE INVENTION 
Acrylic fibers are one kind of synthetic fibers most 
widely used, and the moisture absorbing rate of usual 
commercially available acrylic fibers is from about 1 to 296, 
which is lower than those of natural fibers such as cotton, 
sheep wool, etc. About such acrylic fibers, a fiber material, 
which can be repeatedly carried out a moisture absorption and 
moisture releasing and also can be applied for the fields of 
clothes and nightdresses has been required. 

For the purpose of imparting the moisture absorbing • 
moisture releasing property to acrylic fibers, it is proposed in 
Japanese Patent Laid-Open No. 91271/1990 or 132858/1993 that 
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after applying a crosslinking treatment to. acrylic fibers with 
hydrazine, the nitrile group remaining in the fibers are 
converted to a carboxyl group or the metal salt of a carboxyl 
group by hydrolyzing the nitrile group with an alkali metal 
hydroxide, whereby the crossl inked acrylic fibers imparted with 
the moisture absorbing • moisture releasing property. 

In the above-described crosslinked acrylic moisture 
absorbing fibers of prior art, the saturated moisture absorbing 
rate and the degree of swelling by water under the standard 
condition of 20X: and 65% RH show high values as from 25 to 5056 
and 150 to 300%, respectively. 

Now, it is known that acrylic fibers are generally 
obtained by copo 1 yme r i z i ng aery 1 on i tr i 1 e as the main 
constituent and a neutral comonomer such as a vinyl monomer 
(such as vinyl acetate, a vinyl halide, a vinylidene halide, 
etc.), styrene, an acrylic acid ester, a methacrylic acid 
ester, (meth) aery 1 ami de, etc.; an acidic comonomer such as 
sulfonic acid-containing comonomer (such as (meth)al lylsulfonic 
acid, p-styrenesulfonic acid, etc., and the salts thereof), a 
carboxylic acid-containing comonomer (such as (meth) aery 1 i c 
acid, itaconic acid, etc., and the salts thereof); or a basic 
comonomer such as vinylpyridine, methylviny lpyr idine, etc., as 
other comonomer component. 

Such a comonomer used for producing acrylic fibers is 
used for the purposes of improving the spinning property at the 
production of acrylic fibers and improving the characteristics 
of the products. In these comonomers, the acidic group- 
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containing comonomer and the salts thereof, particularly, the 
sulfonic acid-containing comonomer and the salts thereof are 
generally used for improving the dyeing property, etc., of 
acrylic fibers, and usually the comonomer is copo lymer i zed in a 
ratio of not more than 156 by weight. 

Such an acidic group-containing comonomer has hitherto 
been used for improving the dyeing property of acrylic fibers 
even when the acrylic fibers contain more than 1% by weight the 
comonomer, the dyeing property is not further improved. Thus, 
for general acrylic fibers for clothing, a copolymer containing 
at least 80% by weight an acrylonitri le component and not more 
than 1% by weight a dyeing property-improving comonomer (that 
is, an acidic group-containing comonomer) and a neutral 
comonomer is used. 

Because in the crossl inking treatment by the above- 
described method of prior art, the object of the treatment is 
ordinary acrylic fibers widely used, the content of the acidic 
group-containing comonomer in the acrylic fibers is usually 
small as less than 1% by weight. For applying the crossl inking 
treatment to such acrylic fibers widely used, it was necessary 
to carry out the treatment using an aqueous solution of a 
hydrazine concentration of from 0. 5 to 3 times to the fibers to 
be treated, that is, an aqueous solution of from 5 to 30% by 
weight hydrazine (bath ratio of 1 : 10), under a high- 
temperature condition of, for example, a temperature of 98°C for 
a long time of from 3 to 10 hours. 

As described above, in the case of producing above- 




described crossl inked acrylic fibers of prior art imparted with 
the moisture absorbing • mo i sture releasing property, there was 
a problem of requiring severe reaction conditions for the 
crossl inking treatment and the hydrolytic treatment, that is, 
the severe react ion^condi tions of the long treatment time under 
the high treatment temperature, and also there were problems 
that the using amount of the chemical liquid (hydrazine and 

_ alkali metal' oxide, etc.) was large, an excessive amount of the 

chemical liquid for reaction had to be supplied to the fibers, 

P and the cost of the fibers obtained became high. 

2 Also, in the above-described crosslinked acrylic 

3 moisture absorbing fibers of prior art imparted with the 
j moisture absorbing • moi sture releasing property, the problem 
5 that the f orm-retent ivi.ty after absorbing moisture (or after 
f absorbing water) was inferior because the degree of swelling by 
3 water was high (from 150 to 30036) as described above was severe 

and thus, the fibers had the problem that the application to the 
uses requiring the form stability was difficult. 

On the other hand, it was known, for example, by 
Japanese Patent Laid-Open No. 91271/1990 that the treatment 
time for imparting the moisture absorb ing • mo i sture releasing 
property could be shortened by simultaneously carrying out 
crossl inking and the hydrolytic reaction. 

However, in the method of prior art of simultaneously 
carrying out crossl inking and the hydrolytic reaction, reaction 
rate of crossl inking is slow, whereby the crossl inking reaction 
becomes a rate-determining step. For example, to obtain the 
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crossl inking degree of the increase in nitrogen content = 0.6%, 
5 hours (98T: ) was required for the crossl inking reaction at a 
hydrazine concentration of 2% (bath ratio 1 : 10). 

As described above, when the hydrazine concentration 
used for the crossl inking treatment was a. low concentration 
(for example, about 2%), a long time was required for making 
the crosslinking degree a desired range to advance the 

~ hydrolysis more than necessary. As the result thereof, the 

o 

reaction of an alkali metal hydroxide was severe, whereby there 

'■=4 

0 were problems that the degree of swelling by water of the 

y3 moisture absorbing fibers obtained was increased and the 

m 

S| strength was also lowered. 

jU For avoiding the occurrences of such problems, there is 

5 a method of increasing the degree of crosslinking by increasing 

K the hydrazine concentration (for example, 5% or higher) or 

0 increasing the treatment temperature (for example, 98°C or 

higher) to shorten the crosslinking treatment time (about 2 
hours). However, in the method, there was a problem that the 
amounts of the chemical liquids (hydrazine and sodium 
carbonate, etc.) for the crosslinking treatment and the 
hydrolytic treatment or the energy required for increasing the 
treatment temperature was increased. 

Thus, an object of the present invention to provide a 
production method capable of reducing the amounts of the 
chemical liquids (hydrazine and sodium carbonate, etc.) for the 
crosslinking treatment and the hydrolytic treatment, capable of 
shortening the treatment time, and capable of obtaining 
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crosslinked acrylic moisture absorbing fibers having a 
sufficient moisture absorbing • moisture releasing performance 
by using specific raw material fibers, and to provide the 
crosslinked acrylic moisture absorbing fibers at a low cost. 

Furthermore, another object of the invention is to 
provide, in addition to the above-described object, crosslinked 
acrylic moisture absorbing fibers capable of repeatedly and 
reversibly carrying out a moisture absorption and moisture 
releasing, and also to provide crosslinked acrylic moisture 
absorbing fibers which has excellent f orm- s tab i 1 i ty after 
absorbing moisture and the production method. 

DISCLOSURE OF THE INVENTION 

The present invention is crosslinked acrylic moisture 
absorbing fibers obtained by applying a crosslinking treatment 
with a hydrazine compound and a hydrolytic treatment with 
sodium carbonate to acrylic fibers made of an acrylic copolymer 
containing from 1% by weight to 5% by weight a comonomer having 
an acidic group and is the production method the crosslinked 
acrylic moisture absorbing fibers. 

The production method of crosslinked acrylic moisture 
absorbing fibers of the invention has the feature that in the 
crosslinking treatment with a hydrazine compound and the 
hydrolytic treatment with sodium carbonate, the reduction of 
the amounts of these chemical liquids and shortening of the 
treatment time become possible and the crosslinked acrylic 
moisture absorbing fibers having a low degree of swelling by 
water is obtained. 
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Also, the production method of crosslinked acrylic 
moisture absorbing fibers of the invention has the feature that 
because the acryl ic fibers to be treated contain from 1 to 5% 
by weight a comonomer having an acidic group as a comonomer 
component, the crosslinking reaction and the hydrolytic 
reaction are accelerated. 

The present inventors investigated the relation of a 
hydrazine concentration and a nitrogen content (extent of 
crosslinking) or the relation of the treatment time and the 
nitrogen content (extent of crosslinking) per each 
concentration of the acidic group-containing comonomer. As the 
result thereof, it has been found that when acrylic fibers made 
of a copolymer containing at least 1% by weight an acidic group- 
containing comonomer are used, by carrying out the crosslinking 
treatment for a time of from 0.5 to 2 hours at a temperature of 
about 98°C using an aqueous solution (bath ratio 1 : 10) of at 
least 0.5% by weight and lower than 5.0% by weight the 
hydrazine concentration, the object of the invention can be 
sufficiently attained. 

In this invention, the hydrazine concentration means the 
concentration of the hydrazine component in the above-described 
hydrazine compound. 

When the above-described content acidic group-containing 
comonomer exceeds 5% by weight, as the characteristics of the 
acidic group-containing comonomer, lowering of the coagulation 
property at wet spinning and adhered yarns accompanied thereby 
occur, and also the heat resistance of the copolymer is 




extremely lowered, which are undesirable. 

When the copolymer contains other comonoraer component in 
addition to the acidic group-containing comonoraer, it is 
preferred that the contents of the comonomers are adjusted such 
that the sum total of the amounts of the comonomers become not 
more then 20% by weight and the copolymer contains at least 80% 
by weight the acrylonitri le component. When the content of the 
acrylonitr i le component becomes less than 8096 by weight, the 
content of the nitrile group of the copolymer is reduced, 
whereby the crossl inking reaction and the hydrolytic reaction 
are undesirably delayed. 

In the invention, by introducing a crossl inked structure 
to the acrylic fibers made of the acrylonitri le-base copolymer 
containing from 1 to 5% by weight comonomer having an acidic 
group using a hydrazine compound such that the increase of the 
nitrogen content becomes from 0.4 to 2.0%, and also by 
controlling the acrylic fibers by a hydrolytic reaction with 
sodium carbonate such that the content of the carboxyl group 
becomes from 0.6 to 4.0 mmol/g, the crosslinked acrylic 
moisture absorbing fibers having the performance of the 
saturated moisture absorbing rate at 20°C and 65% RH of at 
least 15% and not higher than 50% and a degree of swelling by 
water of at least 10% and not higher than 100% can be produced. 

The comonomer having an acidic group used in the 
invention is a vinyl monomer having the acidic group usually 
used, which can be copo 1 ymer i zed with aery 1 on i tr i le, and the 
practical examples thereof include a compound having a carboxyl 
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group, such as acrylic acid, methacrylic acid, itaconic acid, 
etc., or the salts thereof and a compound having a sulfonic 
acid group, such as .al lylsulfonic acid, methal lylsulfonic acid, 
etc., or the salts thereof* 

The acrylic fibers having a dry strength of from 3 to 10 
g/d can be used as the raw material to be treated but in the 
case of obtaining tfre moisture absorbing fibers having a dry 
strength of at least 2 g/d, the dry strength of the raw 
S material to be treated is preferably from 5 to 10 g/d. Also, 
ijj the thickness of the fibers as the raw material to be treated 
JpJ is preferably from about 1 to 15 deniers (s), which is used for 
B acrylic fibers widely used, because in this case, the fiber 
s properties and the workability of the moisture absorbing fibers 

U are well-balanced. 

C In the crosslinking treatment of aery I i c "fibers in the 

S invention, it is desirable to use a hydrazine compound. As the 
crosslinking condition by the treatment, a condition that the 
increase of nitrogen content in the fibers becomes from 0.4 to 
2. 0% can be employed. 

The hydrazine compound which can be used in the 
crosslinking treatment includes hydrazine hydrochloride, 
hydrazine sulfate, hydrazine hydrate, hydrazine carbonate, 
etc., and there is no particular restriction on the hydrazine 
compound. 

The hydrolytic treatment is carried out using sodium 
carbonate in the invention and in this case, it is preferred 
that in the hydrolytic treatment, the amount of the carboxyl 
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group is controlled to from 0.6 to 4.0 mmol/g. 

The reaction rate of the hydrolysis with sodium 
carbonate is scarcely influenced by the kind of comonomer used 
but as the result of various investigations, the present 
inventors have found that when the degree of crossl inking is 
increased, the rate of the hydrolysis is accelerated. That is, 
when crosslinking is sufficiently carried out, the result 
thereof is effective for the reduction of the using amount of 
O sodium carbonate in the hydrolytic treatment and shortening of 

m 

NJ the treatment time. 

o 

bj It is known to use an alkali metal hydroxide for a 

m hydrolytic treatment but when an alkali metal hydroxide is 
used, the reaction becomes severe and it becomes difficult to 

fj lower the degree of swelling by water of the fibers below 100%. 

P On the other hand, the use of sodium carbonate is preferred 

t 

O because the hydrolytic reaction becomes slow and the degree of 
swelling by water of the fibers can be lowered below 100%. 

The crosslinking treatment and the hydrolytic treatment 
of the acrylic fibers can be simultaneously carried out or after 
the crosslinking treatment, the hydrolytic treatment may be 
carried out. 

Because when the amount of the acidic comonomer in the 
acrylic fibers of the raw material to be treated is at least 1% 
by weight and not more than 5% by weight as in the invention, 
the crosslinking reaction of the acrylic fibers in the 
invention is accelerated as compared with acrylic fibers without 
containing an acidic comonomer, to obtain the crossl inked 
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acrylic moisture absorbing fibers having the degree of 
crosslinking almost same as that of prior art, the using amount 
of hydrazine and the treatment time can be reduced in the 
present invention. 

According to the method of the invention, because the 
crosslinking reaction is accelerated as described above, the 
treatment time required for crosslinking is greatly shortened, 
and, for example, in the treatment at the hydrazine 
concentration of 2% (bath ratio 1 : 10), the sodium carbonate 
concentration of 10%, and at 98°C , the moisture absorbing 
W fibers are obtained^rf-^p. ' one hour or - mor e. 

BRIEF DESCRIPTION OF THE DRAWINGS 
S* Fig. 1 is a graph showing the relation of the treatment 

La. 

L time and the increase in nitrogen content in the case of a 
2 constant hydrazine concentration, and 

2 Fig. 2 is a graph showing the relation of the hydrazine 

concentration and the increase in nitrogen content by the 
crosslinking reaction in the case of changing the hydrazine 
concentrat i on. 

BEST MODE FOR CARRYING OUT THE INVENTION 
Then, the present invention is practically explained by 
the following examples, wherein "%", Unless otherwise indicated, 
is "% by weight". Also, the increase in nitrogen content, the 
amount of the carboxyl group, the moisture absorbing rate, and 
the degree of swelling by water were obtained by the following 
methods. 

(1) Increase in nitrogen content (%): 
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By an elemental analysis, the nitrogen content (%) of 
fibers after the hydrazine crosslinking treatment and the 
nitrogen content (50 of the raw material fibers were obtained 
and the difference of these contents was defined as the increase 
in nitrogen content. 

(2) The amount of carboxyl group (mmol/g) : 

About 1 g of a sufficiently dried sample was accurately 
weighed (X g) and after adding thereto 200 ml of water, 1 N 
aqueous hydrochloric acid solution was added to adjust the pH 
thereof to 2. Then, using 1 N aqueous sodium hydroxide 
solution, according to an ordinary method, a titration curve was 
obtained. From the titration curve, the consumed amount (Y ml) 
of the aqueous sodium hydroxide solution consumed for the 
carboxyl group was determined and the amount of carboxyl group 
was obtained by the following equation. 

The amount of carboxyl group (mmol/g) = Y/X 

(3) The moisture absorption rate (96) : 

Sample fibers were dried at 1051C for 2 hours and the 
weight (Wi) thereof was measured. Then, the sample fibers were 
placed in a constant temperature bath of 20°C and 65% RH until 
the amount of the sample became constant, the weight (W 2 ) 
thereof was measured, and the moisture absorbing rate was 
obtained by the following equation. 

The moisture absorption rate (%) = [(W 2 - WJ/W,] x 100 

(4) The degree of swelling by water 00 : 

After immersing sample fibers in pure water at 25°C for 
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24 hours, using a centrifugal dehydrator (H-100F2: trade name, 
manufactured by Kokusan Enshinki K. K. ) , attached water was 
removed at 3000 rpm x 5 minutes, and the weight (W 3 ) of the 
sample fibers was measured. Then, the sample fibers were dried 
by a hot blast dryer of 105 °C until the amount thereof became 
constant, the weight (W 4 ) thereof was measured, and the degree 
of swelling by water was obtained by the following equation. 

The degree of swelling by water (X) = [(W 3 - WJ/WJ x 

100 

Example 1 

Various acrylic raw materials made of aery 1 oni tr i I e and 
each of various kinds of neutral comonomers or each of various 
kinds of acidic comonomers at various ratios shown in Table 1 
below were prepared, and each raw material was solution- 
polymerized in an aqueous solution of zinc chloride to prepare 
each spinning solution. Using each of the spinning solutions, 
wet spinning was carried out according to an ordinary method 
and each of various acrylic fibers as raw material fibers to be 
treated of a single fiber denier of 1. 5 d was obtained. 

Then, 100 g of each raw material fibers to be treated 
were subjected to a crossl inking treatment of 981C X 1 hour in 
an aqueous solution (bath ratio 1 : 10) of 2% hydrazine hydrate 
(as NH2NH2) . The nitrogen content of each acrylic fibers after 
crossl inking was measured by an elemental analysis and the 
value obtained was shown in Table 1. 

Thereafter, each acrylic fibers after crossl inking were 
subjected to a hydrolytic treatment of 98t X 1 hour in an 
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aqueous solution (bath ratio 1 : 10) of 10% sodium carbonate, 
the carboxyl group amount of each fibers thus treated was 
measured, and the value was shown in Table 1. 

Furthermore, about each acrylic fibers after the 
hydrolysis, after water-washing and drying, the saturated 
moisture absorbing rate at 20t and 65% RH and the degree of 
swelling by water were measured, and these values were shown in 
Table 1. 

In Table 1. Experiment No. 1 shows the homopo lymer of 
acryloni tri le (AN), Experiment Nos. 2 to 5 show the copolymer of 
AN and methyl acrylate (MA), Experiment Nos. 6 to 9 show the 

¥ copolymer of AN and vinyl acetate (VAc), Experiment Nos. 10 to 

tf? 

KJ - 13 show the copolymer of AN and acrylamide (AAm) , Experiment 

O 

W Nos. 14 to 17 show the copolymer of AN and itaconic acid (IA), 

yp 

03 Experiment Nos. 18 to 21 show the copolymer of AN and acrylic 

~~ 4 acid (AA),. Experiment Nos. 22 to 25 show AN and methacrylic 
acid (MAA), and Experiment Nos. 26 to 29 show the copolymer of 

P AN and methacrylsulfonic acid (MAS). 
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(Note) Spinning property: Good 0 >A> x Bad 
Ref Ex. : Reference Example 
Inv. : Example of the invention. 
According to the results shown in Table 1 above, it can 
be seen that in the copolymer of acrylonitr i le and the acidic 
copolymer of the invention, the reactions of both the 
crosslinking reaction (increase in nitrogen content) and the 
hydrolysis (amount of carboxyl group) are more advanced as 
compared with the AN homopolymer and the copolymers of AN and 
each of the neutral copolymers. 

Also, it can be seen that about Experiment Nos. 13, 17, 
21, 25, and 29, the spinning property, that is, the coagulation 
property is inferior and fibers cannot be formed. 
Example 2 

Acrylic fibers of 1.5 d made of the copolymer 
composition of AN/MA/MAS = 90/8/2 were obtained by ordinary 
spinning. The spinning property was good. 

The acrylic fibers were cut to 51 mm and were subjected 
to a crosslinking treatment at 98*C by changing the treatment 
time with a constant hydrazine concentration (NH 2 NH 2 = 2%). On 
the other hand, at a definite treatment time (one hour), the 
crosslinking treatment was carried out at 98°C by changing the 
hydrazine concentration. 

As the reference example, the fibers of Experiment No. 5 
of Table 1 described above were used. 

About the case of a constant hydrazine concentration, 
the relation of the treatment time and the increase in nitrogen 
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content is shown in Fig. 1 as a graph. Also, in the case of 
changing the hydrazine concentration, the relation of the 
hydrazine concentration and the increase in nitrogen content by 
the crossl inking reaction is shown in Fig. 2 as a graph. 

According to the graph of Fig. 1, it can be seen that 
the time of obtaining a definite crosslinking degree (increase 
in nitrogen content) may be shorter than a half in the 
invention as compared with the reference example. 

Also, according to the graph of Fig. 2. it can be seen 
that the treatment concentration for obtaining a definite 
degree of crosslinking (increase in nitrogen content) may be 
the concentration of lower than a half in the case of the 
invention as compared with the reference example. 
Example 3 

Acrylic fibers of 1.5 d made of the copolymer 
composition of AN/MA/ 1 A = 94/4.5/1.5 were obtained by ordinary 
spinning. The spinning property was good. 

The acrylic fibers having a dry strength of 8 g/d and a 
dry ductility of 10% were treated at 98°C for one hour in a 
mixed solution (bath ratio 1 : 10) of 2% a hydrazine 
concentration and 10% sodium carbonate to obtain crossl inked 
acrylic moisture absorbing fibers. 

The characteristics of the crossl inked acrylic moisture 
absorbing fibers obtained are shown in Table 2 below. 
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T a b 1 e 2 



Denir 


Dry Strength 


Dry Elongation 


Moisture 
Absorption Rate 


Degree of Swelling 
by Water 


2.8d 


2.0g/d 


2 7% 


2 5% 


5 6% 



As shown in Table 2, the characteristics of the 
crossl inked acrylic moisture absorbing fibers of the invention 
were very good. 

INDUSTRIAL APPLICABILITY 
In the crosslinked acrylic moisture absorbing fibers 
obtained by applying the crossl inking treatment and hydrolytic 
treatment according to the production method of the invention, 
the hydrazine concentration of the treatment solution used can 
be reduced or the treatment time can be greatly shortened as 
compared with fibers of prior art without containing the acidic 
group or containing less than 1% by weight the acidic group. 
Furthermore, it is also preferred in the invention that the 
residual hydrazine concentration in the treatment solution 
after the crosslinking treatment is very low and a 
neutralization treatment for a waste solution is unnecessary or 
if necessary, the waste solution may be treated with a very 
small amount of a neutralizing agent. 
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